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Critically evaluated transition frequencies for the molecular transitions detected in
interstellar and circumstellar clouds are presented. The tabulated transitions are recom-
mended for reference in future astronomical observations in the microwave and millime-
ter wavelength regions. The transition frequencies have been selected through a critical
examination and analysis of the laboratory spectral data obtained from the literature. The
information tabulated includes the species identity, transition frequency, uncertainty, and
quantum state labels. For convenience, representative line antenna temperatures are listed
for a typical astronomical source for each transition, and the references are cited for the
laboratory and astronomical literature that have been employed0@ by the U.S.
Secretary of Commerce on behalf of the United States. All rights reserved.
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thus many of the entries in Table 4 are calculated values anabbreviation for the telescope employéste Table 2 for a

are identified with an asterisk*} following the frequency list of telescopes referencgdrespectively. Most often the
entry. In entries where it was determined that the measuregholecular cloud listed is Orion £OriMC-1), Sagittarius B2
value had the lowest uncertainty value, a reference to thesgrB2), Taurus Molecular Cloud {TMC-1), or the circum-
literature value is given. _ _ stellar envelope of the infrared star IRCL0216, since these

_ For many of the interstellar species the previously pub-e the richest molecular sources and often provide the most
lished tabulations of critically evaluated laboratory data intense emission lines. In column 8 the reference abbrevia-

were the source of both measured and calculated frequenci?s . L
. . . ._Tion for the astronomical observation is given and column 9
cited here. In many cases for species treated in the publica-

tions indicated above, new spectral data have been report(§@owS the reference to measuxed calculated frequen_c:les
and have been combined with the earlier data sets and reangnen taken from the literature. The reference code is based
lyzed to provide predicted frequencies employed here. Som@n the first three letters of the lead author’s last name, plus
of the earlier reviews also have a frequency limit of 200 orthe last two digits of the year of publication. If no laboratory
300 GHz, while new interstellar observations range up tdgeference appears, the frequencies presented are calculated in
725 GHz. Thus, for most of the smaller specid&atomic, the present work. The reference list for Tables 1, 2, and 4
triatomic, etc) calculations were extended to higher frequen-then follows Table 4.

cies with new laboratory data included where available. The

earlier reviews on CkDH,® CH;CHO,*? and HCOOCH?®

are outdated and new reviews were ugeti_97], [Kle91],

and[Oes99). In a few cases, e.g., for radical species such as
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nomical reference for each transition in Table 4. °F. J. Lovas, J. Phys. Chem. Ref. Datg, 251-303(1986; 16, E153—

The major emphasis of the present work is to provide the3glf4ii322'J Phys. Chem. Ref. D&th 181-272(1992
most accurate transition frequencies available for all of thesy 5 jonnson. F.%/J..Lovas, and W. H. Kirchhoft, J. Phy.s. Chem. Ref. Data
astronomically observed spectral lines which are listed in 1, 1011-10461972.

Table 4. In Table 4 the recommended frequency is listed in®w. H. Kirchhoff, D. R. Johnson, and F. J. Lovas, J. Phys. Chem. Ref. Data
column 1, followed by an asterisk in the case of calculated 2, 1-10(1973.
values, and its expanded uncertainky=(2 or 20) is shown °R. M. Lees, F. J. Lovas, W. H. Kirchhoff, and D. R. Johnson, J. Phys.
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calculated frequencies are Type A with coverage fator D'ataezlrnzlqge_réy'mw; ueta, and i . JIrehnof, 2. Fhys. &hem. el
=2 (2 s.d). For measured frequencies, the uncertainties arer. c. peLucia, P. Helminger, and W. H. Kirchhoff, J. Phys. Chem. Ref.
Type B and taken directly from the reference cited. The Data3, 211-219(1974.
chemical formula for each molecular species is given in col-°A. G. Maki, J. Phys. Chem. Ref. Dag 221-244(1974.
umn 2, the chemical name in column 3, and the quanturrif':- J.'Lovas and P. Krupenie, J. Phys. Chem. Ref. Bagat5-257(1974.
number labels are shown in column 4. Columns 5, 6, and 7,5 Tlémann. J. Phys. Chem. Ref. D&a259-268(1974.

. . . A. Bauder, F. J. Lovas, and D. R. Johnson, J. Phys. Chem. Ref.Data
present astronomical information: antenna temperatiife ( 53-77(1976.
or T;) or integrated intensityfull line width at half intensity  13G. winnewisser, W. H. Hocking, and M. C. L. Gerry, J. Phys. Chem. Ref.
times peak intensijymolecular cloud for the observation and Data5, 79-101(1976.
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1107(1979. 28B. N. Taylor and C. E. Kuyatt, NIST Tech. Note 1297, U.S. Government
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TaBLE 1. Listing by empirical formula of the isotopic forms of the 114 interstellar species detected by their microwave spectrum and appearing in Table 4

Empirical formula Name Isotopic species CA Number Reference
AICN Aluminum isocyanide AINC Ziu02
AlCI Aluminum monochloride AlCt [13595-81-8 Cer87c
AI®CP
AlF Aluminum monofluoride AR [13595-82-9 Cer87c
CH Methylidyne CH [3315-37-3 Ryd74, Tur74a, McK4b
CH* Methyliumylidene CH [24361-82-8 Cer97, Dou41
CHN Hydrocyanic acid HCN [74-90-9 Sny71a
(Hydrogen cyanide HYCN
HC™N
DCN
CHN Hydroisocyanic acid HNC [6914-07-4 Sny71
(Hydrogen isocyanide HSNC
HN®C
DNC
DNC
CHNO Isocyanic acid HNCO [75-13-§ Sny71
DNCO
CHNS Isothiocyanic acid HNCS [3129-90-6 Fre79
CHO Oxomethyl(formyl) HCO [2597-44-6 Sny76
CHO" Oxomethylium(formylium) HCO" [17030-74-9 Buh70
H¥co"
Hcl7o+
HC®0"
DCO*
D¥co*
CHO" Hydroxymethylidyne HOC [60528-75-8 W0083, Ziu95a
CHOJ Hydroxyoxomethylium HOCO [638-71-1 Tha81
CHS* Thiooxomethylium HCS [59348-25-3 Tha81
CH, Methylene CH [2465-56-1 Hol89, Hol95
CH,N* Iminomethylium HCNH [38263-97-1 Ziu86a
CH,N Methylene amidogen CHiN [15845-29-1 Ohig4
CH,N, Cyanamide NHCN [420-04-2 Tur75a
CH,O Formaldehydémethanal H,CO [50-00-Q Sn
H,=CO
H,C*0
HDCO
D,CO
CH,0, Formic acid HCOOH [64-18-6 Zuc71, Win75
HCOOH
HCOOD
DCOOH
CH,S Methanethialthioformaldehydg H,CS [865-36-1 Sin73
H,CS
H,C%*s
HDCS
CH3;N Methanimine CHNH [2053-29-4 God73
13CH,NH
CH;NO Formamide NHCHO [75-12-7 Rub71
NH,*CHO
CH;O* Hydroxy methylium ion HCOH* [17691-31-5 Ohi96
(Protonated formaldehydle
CH,O Methanol(methyl alcohol CH;OH [67-56-1] Bal70
13CH,0H
CH,*®0H
CH,DOH
CH;0D
CHD,OH
CH,S Methane thiol CHSH [74-93-1 Lin79
(Methyl mercaptan
CHsN Methanamingmethylaming CH3NH, [74-89-5 Fou74a, Kai74
CMgN Magnesium cyanide MgCN [74758-76-2 Ziu95
CMgN Magnesium isocyanide 2MgNC? [96491-22-4 Gue86, Gue9d3
2MgNC?
26Mcha
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Empirical formula Name Isotopic species CA Number Reference
CN Cyanogen CN [2074-87-§ Jef70, Mck4d
5N
C™N
CNNa Sodium cyanide NaCN [143-33-9 Tur94
CNSi Silicon cyanide SiCRN [29210-66-0 Guedo
(e{0] Carbon monoxide CO [630-08-0 Wil70
Bco
ct’o
ct®o
13ctéo
co* Carbon monoxide ion CcO [12144-04-6 Eri81, Lat93
COos Carbon oxide sulfide oCs [463-58-] Jef71
(carbony! sulfidg oc¥s
otcs
8ocs
CP Carbon monophosphide cpP [12326-85-1 Saig89, Gue90
Cs Carbon monosulfide Cs [2944-05-Q Lis75
c*s
Cc¥s
C%s
3cs
13c34g
CsSi Silicon monocarbide SfC [409-21-2 Cer89
C,H Ethynyl GH [2122-48-1 Tuc78
3ccH
c¥cH
C,D
C,HN Cyanomethylene HCCN [2612-62-6 Gue9l
C,H,N Cyanomethyl CHCN [2932-82-3 Irv88a
C,H,0 Ethanongketeng H,CCO [463-51-4 Tur77
C,H3N Acetonitrile (methyl cyanidg CH;CN [75-05-9 Sol71
13CH,CN
CH,CN
CH,C'™N
CH,DCN
C,H3N Isocyanomethane GNC [593-75-9 Cer88
(methyl isocyanide
C,H,0 Acetaldehyddethanal CH;CHO [75-07-0 Got73
C,H,O Oxirane(ethylene oxidg c-C,H,0° [75-21-§ Dic97
C,H,0 Ethenolvinylalcoho) CH,CHOH [5657-75-9 Tur01
C,H,0, Methyl ester formic acid CEDCHO [107-31-3 Bro75
(methyl formate
C,H,0, Acetic acid CHCOOH [64-19-7 Meh97
C,H,0, Hydroxyacetaldehyde CHDHCHO [141-46-9 Hol00
(glycolaldehydg
C,HsO trans-Ethanolethyl alcoho) t-CH3;CH,OH [64-17-5 Zuc75
gauche-Ethanol g-CH3;CH,OH Pead6
C,HgO Dimethyl ether(oxybismethange CH;0CH,4 [115-10-6 Sny74
C,HgO, Ethylene glycol HOCHCH,OH [107-21-1 Hol02
C,0 Oxoethenylidene CCO [119754-08-4 0Ohigl
C,S Thioxoethenylidene CCS [109545-32-6 Yam90
CC*¥s
C,Si Silicon carbide(silacyclopropyng SiC, [12071-27-1 Tha84
ZQSiCQ
30$iCZ
si*cc
Cs Tricarbon G [175780-10-6 GieO1
CsH Cyclopropenylidyne c-CgHP [16165-40-5 Yam87a
CsH Propenylidyne |-C3H° [53590-28-6 Tha85
C;HN 2-Propynenitrile HCCCN [1070-71-9 Tur71
(cyanoacetylene HcCcCN
HC®CCN
HCCYCN
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182 FRANK J. LOVAS

TaBLE 1. Listing by empirical formula of the isotopic forms of the 114 interstellar species detected by their microwave spectrum and appearing in
Table 4—Continued

Empirical formula Name Isotopic species CA Number Reference

HCCC™N

DCCCN
CsHN Ethyneisocyanide HCCNC [66723-45-3 Kaw92
C3;HN 3-imino-1,2-Propadienylidene HNCCC [76092-41-6 Kaw92a
C3H, Cyclopropenylidene c-CgH,P [16165-40-5 Mat85a

c-H¥¥%cccH

c-HCBCCH

c-C;HD
CsH, 1,2-Propadienylidene I-H,CCC* [60731-10-4 Cer9l
CgH,N* Protonated 2-propynenitrile HCCCNH [76092-42-7 Kaw94
C;H,0 2-Propynal HCCCHO [624-67-9 Irv88
C3H3N 2-Propenenitrilgvinyl cyanide CH,CHCN [107-13-1 Gar75
CsH, 1-Propyne(methyl acetyleng CH;CCH [74-99-7 Sny71

CH,C*CH

13CH,CCH

CH,DCCH
C3HsN Propanenitrileethyl cyanide CH;CH,CN [107-12-Q Joh77
C3;HsO 2-Propanonéacetong (CHj3),CO [67-64-1] Com87, Sny02
C;3N Cyanoethynyl CCCN [62435-43-2 Gue77
C;0 3-0x0-1,2-Propadienylidene CCCO [11127-17-6 Mat84
C;S 3-thioxo-1,2-Propadienylidene CCCS [109545-35-9 Yam87
C;Si 3-silanetetrayl-1,2-Propadienylidene SiCy [184291-25-1 App99

(rhomboidal SiG)

C,H 1,3-Butadiynyl radical eH [53561-65-2 Gue77

H:cccce

HcYcce

Hcclce

HCCcCRC

c,D
C4H, Butatrienylidene HCCCC [70571-89-0 Cer9la
C4H3N 2-Butynenitrile CHCCCN [13752-78-8 Bro84
C,Si Silicon tetracarbide Sie [144920-67-2 0Ohig9
CsH 2,4-Pentadiynylidyne §H [104602-63-3 Cer86
CsHN 2,4-Pentadiynenitrile HEN [59866-32-9 Ave76

(cyanobutadiyne H¥cccceN

HCCCCCN

HCCY¥CCCN

HCCCHBCCN

HCCCA®CN

DCsN
CsH, 1,3-Pentadiynémethyl diacetyleng CH;C,H [4911-55-] Wal84
CsN 4-Cyano-1,3-butadiynylium N [129066-48-4 Gue98
CgH 1,3,5-Hexatriynyl GH [88053-50-3 Suz86
CgsH, 1,2,3,4,5-Hexapentaenylidene L,ECCCCC [129066-05-3 Lan97
CH 2,4,6-Heptatriynylidyne H? [129066-03-1 Gue97
C;HN 2,4,6-Heptatriynenitrile HeN [65937-22-6 Kro78
CgH 1,3,5,7-Octatetraynyl &2 [88053-51-4 Cer96
CoHN 2,4,6,8-Nonatetraynenitrile HS! [67483-72-1 Bro78
Cy;;HN 2,4,6,8,10-Undecapentaynenitrile HE [78950-25-1 Bel97
CIH Hydrochloric acid HoCl [7647-01-Q Sch9s

H¥"CI
CIK Potassium chloride ®c? [7447-40-7 Cer87c

K3'Cl
CINa Sodium chloride N&CI? [7647-14-3 Cer87c

Na’Cl
FH Hydrogen fluoride HF [7664-39-3 Neu97
FeO Iron monoxide FeO [1345-25-1 Wal02
HLi Lithium hydride “LiH [7580-67-8 Com98
HNO Nitrosyl hydride HNO [14332-28-6 uli77, Sny93
HN Hydrodinitrogen(H) (diazenyliun) N,H* [12357-66-3 Tur74, Gre74

15NNH+

NlSNH+

N,D*
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TaBLE 1. Listing by empirical formula of the isotopic forms of the 114 interstellar species detected by their microwave spectrum and appearing in
Table 4—Continued

Empirical formula Name Isotopic species CA Number Reference

HO Hydroxyl OH [3352-57-6 Wei63
17,
OH
1%0H
H,N Amidogen NH [13770-40-6 vDi93
H,O Water HO [7732-18-3 Che69
H,*0
2
HDO
H,S Hydrogen sulfide aS) [7783-06-4 Tha72
H,*s
2
HDS
Hy Hydrogen ion Hy [28132-48-1 Geb96
H,D* Sta99
H;N Ammonia NH; [7664-41-1 Che68
NH
3
NH,D
NHD,
ND;
H;O* Oxonium hydride HO* [28637-38-9 Hol86
NO Nitrogen oxide(nitric oxide) NO [10102-43-9 Lis78a
NP Phosphorous nitride NP [17739-47-8 Tur87b
NS Nitrogen sulfidgnitric sulfide NS [12033-56-6 Got75
NS
NSi Siliconmononitride SiRl [12033-60-2 Tur92
N,O Nitrogenoxidénitrousoxide N,O [10024-97-2 Ziu94g
oS Sulfurmonoxide SO [13827-32-2 Got73b
34SO
3350
sto
oS’ Sulfur(1+), oxo SO [54724-05-9 Tur92a
osSi Silicon monoxide Sio [113443-18-8 Wil71
255i0
sio
0,S Sulfur dioxide SQ [7446-09-3 Sny75a
33502
34502
0s“o
SSi Silicon monosulfide SiS [25423-24-9 Mor75
Sit%s
Si*‘s
BT
30sis

®Reported only in circumstellar clouds.

bThe “c” refers to cyclic form.

‘The “I” refers to linear form.

didentification of the optical lines in McK40 were confirmed by W.S. Adaida4l).
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TaBLE 2. The 22 other species observed in comets, circumstellar, and interstellar sources at IR and UV wavelengths, which are not included in Table 4.

Isotopic
Empirical formula Name species Spectral region CA Number Reference
Interstellar and Circumstellar Species
CH, Methyl CH; IR [2229-07-4 Feu00
CH, Methane CH IR [74-82-8 Lacol
CO, Carbon dioxide CQ IR [124-38-9 Jus96
C, Carbon molecule [ uv [12070-15-4 Cha80
C,H, Ethyne(acetyleng HCCH IR [74-86-2 Lac89
C,H, Ethylene HCCH, IR [74-85-11 Cer0Ola
CyHg Ethane CHCH; IR [74-84-9 Wea99
C4H, 1,3-Butadiyane HCCCCH IR [460-12-9 Cer0Ola
Cs Pentacarbon molecule 5C IR [12595-82-3 Ber89
CeH» 1,3,5-Hexatriyne 6Hs IR [71-43-2 Cer01
HN Imidogen HN uv [13774-92-0 Mey91, Swi4l
HS Mercapto(thiohydroxy) SH IR [13940-21-1 Yam00
H, Hydrogen H uv [1333-74-Q Car70
H,Si Silane SiH? IR [7803-62- Kea93
Species Observed Only in Comets
CN* Cyanogen ion CN uv [12539-57-0 Val92
CN, Cyano imidogen NCN uv [1884-64-6 Val92
coy Carbon dioxide ion Cco; uv [12181-61-2 Swi50
HO™* Oxoniumylidene OH uv [12259-29-9 Val92
H,O" Oxoniumyl H,0* uv [56583-62-1 Weh74
Ny Nitrogen ion N, uv [13966-04-6 Lut93
S, Sulfur S uv [23550-45-0 AH83

TaBLE 3. List of telescope abbreviations employed in Table 4.

ARO 46 m Algonquin Radio Observatory, Lake Traverse, Ontario, Canada

Arecibo 350 m Arecibo Observatory, Puerto Rico

BIMA Array Berkeley—lllinois—Maryland Association Array, Hat Creek Radio Observatory, Hat Creek, California
BTL7 m Bell Telephone Laboratory, Holmdel, New Jersey

CAdY 13.7m Centro Astromico de Yebes, Guadalajara, Spain

CSO 10.4 m Caltech Submillimeter Observatory, Mauna Kea, Hawaii

FCRAO 14 m Five College Radio Astronomy Observatory, Quabbin Reservoir, Massachusetts
Hale 5 m Hale Telescope, Mount Palomar, California

HHT Heinrich Hertz Telescope, Mt. Graham, Arizona

IRAM 30 m IRAM, Picoveleta, Spain

IRTF 3 m Infrared Telescope Facility, Mauna Kea, Hawaii

IRT 13.7 m Itapetinga Radio Telescope, Sao Paulo, Brazil

ISO 0.6m Infrared Space Observatory, European Space Agency

JCMT 15 m James Clerk Maxwell Telescope, Mauna Kea, Hawaii

KAO 1 m G. P. Kuiper Airborne Observatory

KOSMA 3m Kolner Observatorium fuLubman-Astronomie Gornergrat, Switzerland

MMT Multiple Mirror Telescope, Mt. Lemmon, Arizona

MMWO 4.9 m McDonald Millimeter Wave Observatory, Fort Davis, Texas

MPI 100 m Max-Planck-Institut fur Radioastronomie, Effelsberg, Germany

NASA-C 70 m NASA Canberra Deep Space Communications Complex, Australia

NASA DSN 70 m NASA Goldstone Deep Space Network Telescope, Goldstone, California
NEROC 37 m(120 ft) Northeast Radio Observatory Corporation, Haystack Observatory, Westford, Massachusetts
NMA Array Nobeyama Millimeter Array, University of Tokyo, Nobeyama, Japan

NRAO 11 m(12 m) National Radio Astronomy Observatory, Kitt Peak, Arizona

NRAO 43 m (140 ff) National Radio Astronomy Observatory, Greenbank, West Virginia

NRL 26 m (85 ft) Naval Research Laboratory, Maryland Point Observatory, Maryland

NRO 45 m Nobeyama Radio Observatory, University of Tokyo, Nobeyama, Japan

0S0 26.6 m Onsala Space Observatory, Onsala, Sweden

0SO 20 m Onsala Space Observatory, Onsala, Sweden

OVRO 10.4 m Owens Valley Radio Observatory, Owens Valley, California

Parkes 64 m Division of Radiophysics CSIRO, Parkes, Australia

Pushino 22 m Pushino, USSR

PdBI Array IRAM Interfermeter on Plateau de Bure,i2etment des Hautes Alpes, France
PIROG7 European Space Agency, Balloon experiment

SEST 15 m Swedish ESO Submillimeter Telescope, LaSilla, Chile

SRCAL 25 m SRC Appleton Laboratory, Chilbolton Observatory, Stockbridge, Hants, England
TAO 6 m Tokyo Astronomical Observatory, Tokyo, Japan

TRAO 14 m Taeduk Radio Astronomy Observatory, Korea Astronomy Observatory, Whaam, Yusong, Taejon 305-348, Korea
UKIRT 3.8 m UK Infrared Telescope, Mauna Kea, Hawalii

UM/UCSD 1.5 m University of Minnesota/UCSD 60 in, Mt. Lemmon, Arizona
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TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines.
Frequency(Unc. Astr. Lab.
Hz) Formula Quantum numbers T, (K)/ T4 (K) Source Telescope Ref. Ref.
701.6794) CH My )=3/2 F=2-2 -0.6 W51 Arecibo 350 m Ziu85 Ziu85
704.175¢10) CH Mg J=32 F=2+—1— —0.10 W51 Arecibo 350 m Tur88 Tur88
722.303110) CH Mg )=3/2 F=1+-2— -0.12 W51 Arecibo 350 m Tur88 Tur88
724.791(4) CH 1y, J=32F=1-1 -0.5 W51 Arecibo 350 m Ziu8s Ziu8s
834.285%1) CH3OH 11,0-1(1,1) A—+ 0.58 Sgr A NRAO 43 m Bal70 Xu_97
1065.07610) CH3CHO 1(1,0-1(1,) A—+ 0.3 Sgr A NRAO 43 m Got73 Kle96
1371.722%7) CH,CHCN 21,)-2(1,2 F=1-1 0.012 Sgr B2M) Parkes 64 m Gar75 Gar75
1371.797t2) CH,CHCN 2(1,)-2(1,9 F=3-3 0.034 Sgr B2M) Parkes 64 m Gar75 Gar75
1371.934%7) CH,CHCN 2(1,)-2(1,2 F=2-2 0.019 Sgr B2M) Parkes 64 m Gar75 Gar75
1538.108t3) NH,CHO 1(1,0-1(1,1) F=1-1 0.08 Sgr B2M) NRAO 43 m Got73a
1538.67612) NH,CHO 1(1,0-1(1,) F=1-2 0.09 Sgr B2M) NRAO 43 m Got73a
1539.26412) NH,CHO 1(1,0-1(1,1) F=2—-1 0.10 Sgr B2M) NRAO 43 m Got73a
1539.527t4) NH,CHO 1(1,0-1(1,1) F=1-0 0.08 Sgr B2M) NRAO 43 m Got73a
1539.832t1) NH,CHO 1(1,0-1(1,1) F=2-2 0.36 Sgr B2M) NRAO 43 m Got73a
1540.998t4) NH,CHO 1(1,0-1(1,1) F=0-1 0.10 Sgr B2M) NRAO 43 m Got73a
1570.805(5) NH,3CHO 11,0-1(1,1) F=2-2 0.04 Sgr B2M) Parkes 64 m Gar80 Gar80
1584.274(2) 180H 1y, J=3/2F=1-2 —0.05 Sgr B2M) Parkes 64 m Wil8la Bea78
1610.247%2) CH3OCHO 11,0-1(1,) A 0.07 Sgr B2M) Parkes 64 m Bro75 Oes99
1610.900%2) CH;OCHO 11,0-1(1,) E 0.061 Sgr BEM) MPI 100 m Chu75 Oes99
1612.231(2) OH 1y, J=32F=1-2 —0.80 OriMC-2 Parkes 64 m Gar64 ter72
1624.51810) 10H 2[1,, J=3/2 F F1=7/2,4-7/2,4 —0.045 SgrA Parkes 64 m Gar76 Got74
1626.161(10) 170H 2[1,, J=3/2 F,F,=9/2,4-9/2,4 —0.056 Sgr A Parkes 64 m Gar76 Got74
1637.564(2) 180H g, J=32F=1-1 -0.2 SgrA Parkes 64 m Gar70 Lov74
1638.805(3) HCOOH 11,0-1(1,) 0.04 Sgr B2M) NRA 043 m Zuc71 Zuc71
1639.5032) 180H Mg, J-32F=2-2 -0.5 Sgr A Parkes 64 m Gar70 Lov74
1665.40181) OH 21y, J=3/2F=1-1 —5.15 OriMG-2 NRAO 43 m Wei68 ter72
1667.35901) OH 1y, J=32 F=2-2 —6.30 OriMC-2 NRAO 43 m Wei63 ter72
1692.7952) 180H My, J=3/2F=2-1 —0.04 Sgr B2M) Parkes 64 m Whi81 Bea78
1720.53001) OH 1y, J=3/2F=2-1 -1.10 OriMC-2 Parkes 64 m Gar64 ter72
2661.6115) HCsN 1-0F=1-1 0.020 Sgr B2M) Parkes 64 m Bro76 Bro76
2662.8715) HCsN 1-0F=2-1 0.036 Sgr B2M) Parkes 64 m Bro76 Bro76
2664.7615) HCsN 1-0 F=0-1 0.023 Sgr B2Mm) Parkes 64 m Bro76 Bro76
3139.40411) H,CS A1,)-2(1,2 —0.33 Sgr B2M) Parkes 64 m Sin73
3195.162%1) CH;CHO A1,)-2(1,2 A—+ 0.2 Sgr BZM) Parkes 64 m Fou74 Kle96
3263.794(3) CH 1, 0=1/2F=0-1 0.24 Cas A 0SO 25.6 m Ryd76 Ryd74
3335.481(2) CH 21‘[1/2 J=1/2F=1-1 0.25 Cas A OSO 25.6 m Ryd76 Ryd74
3349.1933) CH 01, J=1/2F=1-0 0.18 Cas A 0SO 25.6 m Ryd76 Ryd74
4388.77863) Hzclﬂo 1(1,0-1(1,1) F=1-0 b Sgr B2AM) Parkes 64 m Gar7la Tuc71
4388.7960t4) H,C0 1(1,0-1(1,1) F=0-1 b Sgr B2AM) Parkes 64 m Gar7la Tuc71
4388.79682) H,C*0 1(1,0-1(1,) F=2-2 n.ré Sgr B2AM) Parkes 64 m Gar7la Tuc71
4388.80112) H,C0 1(1,0-1(1,1) F=2-1 b Sgr BAM) Parkes 64 m Gar7la Tuc71
4388.80383) H,C*0 1(1,0-1(1,) F=1-2 b Sgr BAM) Parkes 64 m Gar7la Tuc71
4388.80843) H,C0 1(1,0-1(1,) F=1-1 b Sgr B2AM) Parkes 64 m Gar7la Tuc71
4592.95681) H21300 1(1,0-1(1,1) 1/2,1/2-1/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4592.97381) H,%%co 1(1,0-1(1,1) 1/2,1/2-3/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4592.975%3) H,13Co 1(1,0-1(1,1) 3/2,1/2-1/2,3/2 —0.1° W33 MPI 100 m Wil76b Tuc71
4592.98571) H213CO 1(1,0—-1(1,1) 3/2,1/2-5/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4592.99341) H,13Co 1(1,0-1(1,1) 3/2,1/2-3/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.04942) H213CO 1(1,0-1(1,1) 1/2,1/2-1/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.06901) H,13co 1(1,0-1(1,1) 3/2,1/2-1/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.08003) H213CO 1(1,0-1(1,1 1/2,1/2-3/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.08121) H,13co 1(1,0-1(1,1) 1/2,3/2-1/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.08643) H,%¥%co 1(1,0-1(1,1 3/2,3/2-1/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.086546) H,13co 1(1,0-1(1,1) 5/2,3/2-5/2,3/2 —0.59 W33 MPI 100 m Wil76b Tuc71
4593.094%2) H,%¥co 1(1,0-1(1,1) 5/2,3/2-3/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.09612) H,13co 1(1,0-1(1,1) 3/2,3/2-5/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.098%2) H,13CO 1(1,0-1(1,1) 1/2,3/2-3/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.09943) H213CO 1(1,0—-1(1,1) 3/2,1/2-3/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.10391) H,13Co 1(1,0-1(1,1) 3/2,3/2-3/2,3/2 b W33 MPI 100 m Wil76b Tuc71
4593.17411) H213CO 1(1,0—-1(1,1) 1/2,3/2-1/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.17981) H,13CO 1(1,0-1(1,1) 3/2,3/2-1/2,1/2 b W33 MPI 100 m Wil76b Tuc71
4593.20081) H213CO 1(1,0—-1(1,1) 5/2,3/2-3/2,1/2 —0.1° W33 MPI 100 m Wil76b Tuc71
4593.20463) H,13co 1(1,0-1(1,1) 1/2,3/2-3/2,1/2 b W33 MPI 100 m Wil76b Tuc71
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TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines—Continued

Frequency(Unc) Astr.  Lab.
(MHz) Formula Quantum numbers T, (K)/T, (K) Source Telescope Ref.  Ref.
4593.20992) H,1%COo 1(1,0-1(1,1) 3/2,3/2-3/2,1/2 b W33 MPI 100 m Wil76b  Tuc71

4617.121%3) NH,CHO 2(1,)-2(1,2 F=2—2 0.07 Sgr B2M) NRAO 43 m Rub71
4618.967%1) NH,CHO 2(1,)-2(1,9 F=3-3 0.30 Sgr BAM) NRAO 43 m Rub71
4619.993¢t3) NH,CHO 2(1,)-2(1,2 F=1-1 <0.05 Sgr B2M) NRAO 43 m Rub71
4660.2423) OH 201, J=1/2F=0-1 0.3 Sgr B2M) NRAO 43 m Tha70  Rad68
4750.656(3) OH 2y, J=1/2F=1-1 0.3 Sgr BAM) Parkes 64 m Gar7l Rad68
4765.5623) OH 1y, J=1/2F=1-0 1.7 W3 NRAO 43 m Zuc68  Rad68
4829.641%2) H,CO 1(1,0-1(1,1) F=1-0 -0.2 TMC-1 NRAO 43 m Pal69  Kuk75
4829.65872) H,CO 1(1,0-1(1,1) F=0-1 b T™MC-1 NRAO 43 m Pal69 Kuk75
4829.65942) H,CO 1(1,0-1(1,1) F=2-2 b TMC-1 NRAO 43 m Pal69 Kuk75
4829.663%2) H,CO 11,0-1(1,) F=2—-1 _0.8 T™MC-1 NRAO 43 m Pal69  Kuk75
4829.66642) H,CO 1(1,0-1(1,1) F=1-2 b TMC-1 NRAO 43 m Pal69 Kuk75
4829.671(2) H,CO 11,0-1(1,) F=1-1 b T™MC-1 NRAO 43 m Pal69  Kuk75
4916.3128) HCOOH A1,)-2(1,2 0.04 Sgr B2M) MPI 100 m Win75  Win75
5005.32082) CH3;0H 31,2-3(1,3 A—+ 0.08' Sgr B2AM) Parkes 64 m Rob74 Heu73
5289.015t19) CH,NH 1(1,0-1(1,1) F=0—-1 0.05 Sgr B2M) Parkes 64 m God73
5289.678t22) CH,NH 1(1,0-1(1,1) F=1-0 b Sgr B2AM) Parkes 64 m God73
5289.813t6) CH,NH 1(1,0-1(1,1) F=2—-2 0.1% Sgr BAM) Parkes 64 m God73
5290.614%13) CH,NH 1(1,0-1(1,1) F=2—-1 b Sgr B2AM) Parkes 64 m God73
5290.879t11) CH,NH 1(1,0-1(1,1) F=1-2 0.07 Sgr B2AM) Parkes 64 m God73
5291.680t18) CH,NH 1(1,0-1(1,1) F=1-1 0.05 Sgr B2M) Parkes 64 m God73
5324.058t35) HCsN 2-1F=2-2 0.01 Sgr B2M) Parkes 64 m Gar78a Gar78a
5324.270%35) HCsN 2-1F=1-0 b Sgr BAM) Parkes 64 m Gar78a  Gar78a
5325.330t27) HCsN 2-1F=2-1 b Sgr B2AM) Parkes 64 m Gar78a  Gar78a
5325.421t27) HCsN 2-1F=3-2 0.044 Sgr B2M) Parkes 64 m Gar78a Gar78a
5327.451%41) HCsN 2-1F=1-1 0.01 Sgr B2M) Parkes 64 m Gar78a  Gar78a
6016.746(8) OH 21y, J=5/2 F=2-3 -0.12 G291.3-0.7 Parkes 64 m Whi76  Rad68
6030.747(5) OH 2[l,, J=5/2 F=2-2 7. W3(OH) NRAO 43 m Zuc72a  Mee75
6035.0925) OH [y, J-5/2 F=3-3 20. W3 OH) NRAO 43 m Zuc72a  Mee75
6049.084(8) OH 2]’13/2 J=5/2F=3-2 0.04 W33 MPI 100 m Gar83 Bea78
6278.628t3) H,CS 31,2-3(1,3 n.r. Sgr B2M) ARO 46 m Mac75
6389.933t2) CH;CHO 31,2-3(1,3 A—+ 0.045 Sgr B2M) ARO 46 m Bel83b Kle96
6668.51928) CH;0H 5(1,6)—6(0,6) A++ 388¢° W3(OH) NRAO 43 m Men91  Bre95
7761.747(5) OH 2, J=3/2F=1-1 -0.10 W3OH) MPI 100 m Wil90  Bal70a
7820.125(5) OH 201y, J=32F=2-2 —0.026 W30H) MPI 100 m Wil90  Bal70a
7895.98912) HC;N 7-6 F=6-5 b TMC-1 NEROC 37 m Rod80 McCO00
7896.0102) HC;N 7-6 F=7-6 0.008 TMC-1 NEROC 37 m Rod80  McC00
7896.0232) HC;N 7-6 F=8-7 b TMC-1 NEROC 37 m Rod80  McCO00
7987.78210) HCsN 3-2F=2-1 0.040 TMC-1 NEROC 37 m Rod80  Rod80
7987.994(10) HCsN 3-2F=3-2 0.039 TMC-1 NEROC 37 m Rod80  Rod80
7988.044(10) HCsN 3-2F=4-3 0.055 TMC-1 NEROC 37 m Rod80  Rod80
8135.870(5) OH 21y, J=5/[2 F=2-2 —0.031 W3OH) MPI 100 m Wil90  Mee75
8189.587(5) OH 2[1,,, J=5/2 F=3-3 +0.009 W3O0H) MPI 100 m Wil90  Mee75
8775.088(10) CH3NH, 2(0,2-1(0,1) F=1-0 Aa 0.05 Sgr B2M) Parkes 64 m Fou74a  Lov85
8777.44210) CH3NH, 2(0,2-1(0,1) F=3-2 Aa 0.18 Sgr B2M) Parkes 64 m Fou74a  Lov85
8778.200(10) CH3NH, 2(0,2-1(0,1) F=2—2 Aa 0.04 Sgr BAM) Parkes 64 m Fou74a  Lov85
8778.260(10) CH3NH, 2(0,2-1(0,) F=1-1 Aa b Sgr B2AM) Parkes 64 m Fou74a  Lov85
8779.496(8) CH3NH, 2(0,2-1(0,1) F=2—1 Aa 0.1 Sgr B2M) Parkes 64 m Fou74a  Lov85
8815.814(6) H¥CCCN 1-0F=1-1 0.039 Sgr B2M) MPI 100 m Chu77  Chu77
8817.096(2) H13CcCcCN 1-0F=2—-1 0.080 Sgr B2M) MPI 100 m Chu77  Chu77
8819.01909) H3cceN 1-0F=0-1 0.025 Sgr B2M) MPI 100 m Chu77  Chu77
9024.009t1) HC;N 8-7 0.16 TMC-1 MPI 100 m Tol81
9058.447t6) HCceN 1-0F=1-1 0.025 Sgr B2M) MPI 100 m Chu77  Chu77
9059.3182) HCCBCN 1-0F=1-1 n.r. Sgr B2M) MPI 100 m Chu77 Cre77
9059.736(3) HCcCeN 1-0F=2-1 0.055 Sgr B2M) MPI 100 m Chu77  Chu77
9060.60809) HCCBCeN 1-0F=2-1 0.05 Sgr B2M) MPI 100 m Chu77 Cre77
9097.03463) HCCCN 1-0F=1-1 0.82 Sgr B2M) MPI 100 m Chu77  dez71
9098.33213) HCCCN 1-0F=2-1 2.11 Sgr B2M) MPI 100 m Chu77 dez71
9100.27275) HCCCN 1-0F=0-1 0.16 Sgr B2M) MPI 100 m Chu77  dez71
9118.823t4) CH3;0CH, 2(0,2-1(1,) AA b Sgr B2AM) Parkes 64 m Win76 Gro98
9119.671%2) CH3;0CH; 2(0,2-1(1,) EE 0.059 SgrB2 Parkes 64 m Win76  Gro98
9120.509¢2) CH50CH, 2(0,2-1(1,1) AE b Sgr BaAM) Parkes 64 m Win76  Gro98
9120.527%2) CH;0CH; 2(0,2—-1(1,1) EA b Sgr B2AM) Parkes 64 m Win76 Gro98

J. Phys. Chem. Ref. Data, Vol. 33, No. 1, 2004



MICROWAVE TRANSITIONS 187
TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines—Continued
Frequency(Unc) Astr.  Lab.
(MHz) Formula Quantum numbers T, (K)/T, (K) Source Telescope Ref.  Ref.
9235.119%3) NH,CHO 3(1,2-3(1,3 F=3-3 0.055 Sgr B2M) NRAO 43 m Gods4
9237.034t1) NH,CHO 3(1,2-3(1,39 F=4-4 0.080 Sgr BEM) NRAO 43 m Gods4
9237.70412) NH,CHO 3(1,2-3(1,3 F=2-2 b Sgr BAM) NRAO 43 m Gods4
9486.71 unidentified 0.025 T™EL NRAO 43 m Mat83a
9493.06114) C,H 3/2-1/2 F=1-0 0.090 TMC-1 NRAO 43 m Bel83a  Got83
9496.4(1) unidentified 0.008 CasA NRAO 43 m Bel83
9497.616t2) C,H 32— 12 F=2—1 0.245 T™C-1 NRAO 43 m Bel83a  Got83
9508.005t4) C,H 30—1/2 F=1-1 0.080 T™MC-1 NRAO 43 m Beld3a  Got83
9547.953(5) C,H 12-1/2 F=1-0 0.095 TMC-1 NRAO 43 m Bel83a Gue82a
9551.717t4) C,H 12—1/2 F=0—1 0.080 T™MC-1 NEROC 37 m Bel83a  Got83
9562.90413) CH 12-1/2 F=1-1 0.115 TMC-1 NRAO 43 m Bel83a  Got83
9703.508(5) CeH [,,]=3.5-2.5F=4-3 e 0.018 T™MC-1 NRAO 43 m Bel99  McC99
9703.600(5) CeH ?[l,,J=3.5-2.5F=3-2 e 0.012 T™C-1 NRAO 43 m Belg9  McC99
9703.835(5) CeH [, J=3.5-2.5F=4-3f 0.012 T™C-1 NRAO 43 m Bel99  McC99
9703.936(5) CeH ?[1y,J=3.5-2.5F=3-2f 0.009 T™C-1 NRAO 43 m Bel99  McC99
9877.606%1) HCoN 17-16 0.025 TMC-1 NRAO 43 m Bel98
9885.89*%(1) CCCN 1-0J=3/2—1/2 F=5/2—3/2 0.02 TMC-1 ARO 46 m Mac8la Gue82a
9936.2024) CH,OH 9-1,9-8-29 E 0.5 oriMc—-1 NRAO 43 m Sly93  Bre9s
9978.686(4) CH,OH 432-523 E 0.0£ Sgr BaM) NRAO 43 m Sly93  Bre9s
10058.25712) CH,OH 43,1)-5(2,4 E 017 W33—Met NRAO 43 m Sly93  Bre9s
10152.008t1) HC;N 9-8 0.08 TMC-1 ARO 46 m Kro78
10278.2461) HDO 22,0-22,1 0.032 OrimC-1 NRAO 43 m Pet88 Kuk77
10458.639t1) HCyN 18—-17 0.021 TMC-1 ARO 46 m Bro78
10463.962t5) H,CS 41,3-4(1,4 —0.040 Sgr B2M) ARO 46 m Doh74
10648.4194) CH,CHO 41,39-41,9 A—+ 0.021 Sgr BEM) ARO 46 m Bel83b  Kle9l
10650.563t5) HCN 4-3F=3-2 0.13 TMC-1 NRO 45 m Tak90
10650.65415) HCsN 4-3F=4-3 0.24 TMC—1 NRO 45 m Tak90
10650.68615) HCsN 4-3F=5-4 b TMC—1 NRO 45 m Tak90
11119.445¢2) CcCs 1,0-0,1 0.39 TMC-1 NRO 45 m 0Ohig8
11280.006¢1) HC/N 10-9 0.14 TMC-1 NRO 45 m 0Ohigg
11561.513¢1) CCcCs 2-1 0.12 T™MC-1 NRO 45 m Ohig8
12162.9791) ocCs 10 0.115 Sgr BeM) NRAO 43 m Mat87a  Kuk74
12178.5934) CH,OH 202-3(-13 E 429¢ 345.01+1.79 Parkes 64 m Nor87  Lov8s
12408.003t1) HC;N 11-10 0.09 T™MC-1 NRO 45 m Ohig8
12782.769¢1) HCoN 22-21 0.081 TMC-1 NRAO 43 m Bel97
12848.48 unidentified 0.007 TMEL NRAO 43 m Bel97
12848.731¢2) HC;;N 38-37 0.009 TMC-1 NRAO 43 m Bel97
13043.8144) [le) 12)-1(1) 0.4 Sgr B2M) NRAO 43 m Cla78  Lov92
13116.451 unidentified 0.003 T™MEL NRAO 43 m Bel99
13116.569 unidentified 0.003 T™EL NRAO 43 m Bel99
13186.46 unidentified 0.005 T™MEL NRAO 43 m Bel97
13186.853¢3) HC;N 39-38 0.005 TMC-1 NRAO 43 m Bel97
13186.98 unidentified 0.006 T™MEL NRAO 43 m Bel97
13313.312f1) HCsN 5-4 1.77 TMC-1 NRAO 43 m Bel97
13363.801t1) HCoN 23-22 0.082 TMC-1 NRAO 43 m Bel97
13434.59610) OH 21y, J=7/2 F=3-3 -0.20 DR21 MPI 100 m Guig4  Des75
13441.417R) OH [, J=7/2 F=4—4 3.2 WA3OH) NRAO 43 m Tur70  ter76
13535.998¢1) HC/N 12-11 0.475 TMC-1 NRAO 43 m Bel97
13778.804t1) H,¥co 2(1,)-2(1,2 -0.47 Sgr B2M) MPI 100 m Hen83a
13880.54 unidentified 0.014 T™MEL NRAO 43 m Bel85
13944.832¢1) HCoN 24-23 0.058 TMC-1 NRAO 43 m Bel85 Bel85
14488.458Q) H,CO 21,)-2(1,9 F=1-1 b Sgr B2AM) NRL 26 m Eva70 Kuk75
14488.471R2) H,CO 21,)-2(1,9 F=1-2 b Sgr B2AM) NRL 26 m Eva70 Kuk75
14488.48012) H,CO 2(1,)-2(1,29 F=3-3 1.2 Sgr BAM) NRL 26 m Eva70  Kuk75
14488.489) H,CO 21,)-2(1,2 F=2-2 b Sgr BAM) NRL 26 m Eva70 Kuk75
14525.862t1) HCgN 25-24 0.073 TMC-1 NRAO 43 m Bro78
14663.993¢f1) HC,N 13-12 0.06 TMC-1 Parkes 64 m Gar78
14686.6344) c—CsH 1(1,0-1(1,1) J=1/2-1/2F=1-1 0.04 TMC-1 NRO 45 m Ohi98  Lov92a
14767.7008) c—CsH 1(1,0-1(1,1) J=1/2-3/2F=1-2 0.04 TMC-1 NRO 45 m Ohi98  Lov92a
14782.212¢19) 13CH,0H 2(0,2-3(-13 E 0.30 Sgr B2V NASA—c 70 m Kuig9  Xu_97
14812.0028) c—CsH 1(1,0-1(1,1) J=3/2-1/2F=2—-1 0.04 TMC-1 NRO 45 m Ohi98  Lov92a
14877.6718) c—CzH 1(1,0-1(1,1) J=3/2-3/2 F=2—-1 0.04 TMC-1 NRO 45 m Ohi98  Lov92a
14893.0504) c—CsH 1(1,0-1(1,1) J=3/2-3/2F=2-2 0.124 TMC-1 NRAO 43 m Man90a  Lov92
14895.248) c—CzH 1(1,0-1(1,1) J=3/2-3/2F=1-1 0.065 TMC-1 NRAO 43 m Man90a  Lov92
15106.892¢1) HCgN 26—25 0.07 TMC-1 NRO 45 m Ohig8
15248.225¢13) CgH My, J=11/2-9/2 F=6-5 f 0.04 TMC-1 NRO 45 m Ohigg JPLO1
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TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines—Continued

Frequency(Unc.) Astr.  Lab.
(MHz) Formula Quantum numbers T, (K)/T, (K) Source Telescope Ref. Ref.

15248.359¢17) CgH 2y, J=11/2-9/2 F=5-4 f 0.03 TMC-1 NRO 45 m Ohiog JPLO1
15249.064¢13) CeH 21, J=11/2-9/2 F =65 e 0.05 TMC-1 NRO 45 m ohig8  JPLOL
15249.198f17) CeH 21‘[3/2 J=11/2-9/2F=5-4 e 0.04 TMC-1 NRO 45 m Ohig8 JPLO1
15687.921¢1) HCoN 27-26 0.07 TMC-1 NRO 45 m 0Ohigg
15791.986¢1) HC;N 14-13 0.32 T™MC-1 NRO 45 m Ohig8
15975.966t1) HCsN 6-5 0.61 TMC-1 NRO 45 m 0Ohig8
16268.950¢1) HCoN 28-27 0.07 TMC-1 NRO 45 m Ohig8
16849.979¢1) HCgN 29-28 0.07 T™MC-1 NRO 45 m Ohig8
16886.312f2) DCCCN 2-1F=2—-1 0.04 TMC-1 NRO 45 m Ohig8 Laf78
16886.405¢2) DCCCN 2-1F=3-2 0.08 TMC-1 NRO 45 m 0Ohig8 Laf78
16919.979¢1) HC;N 15-14 0.32 TMC-1 NRO 45 m Ohig8
17091.742f1) CH,CCH 2(0)—0(0) 0.07 TMC-1 NRO 45 m Ohio8
17342.256¢1) CCCs 32 0.27 TMC-1 NRO 45 m 0Ohigg
17431.006¢1) HCgN 30-59 0.07 T™MC-1 NRO 45 m Ohig8
17632.685¢7) H3cceN 21F=2-2 0.02 TMC-1 NRO 45 m 0Ohigg Laf78
17633.844t4) HBcCcCN 2-1F=3-2 0.03 TMC-1 NRO 45 m Ohig8 Laf78
17647.47910) c,D 5/9—3/2 F=5/2—3/2 0.03 TMC-1 NRAO 43 m Tur89a  Tur89a
17647.52610) c,D 5/2—3/2 F=3/2—1/2 0.03 TMC-1 NRAO 43 m Tur89a  Tur89a
17647.71610) c4D 5/2—3/2 E=7/2—5/2 0.05 TMC-1 NRAO 43 m Tur89a  Tur89a
17666.995¢5) HCCCSN 2-1 0.04 TMC-1 NRO 45 m 0Ohig8 Laf78
17683.96110) c,D 3/9-1/2 E=5/2—3/2 0.04 TMC-1 NRAO 43 m Tur89a  Tur89a
17684.66210) c4D 3/2—1/2 F=3/2—1/2 0.02 TMC-1 NRAO 43 m Tur89a  Tur89a

U 17736.75 unidentified 0.017 W51 NRAO 43 m Bel93
17788.570¢3) H,cccc 21,2-1(1,1) 0.021 W51 NRAO 43 m Belo3
17863.803¢3) H,CCCC 20,2-1(0,1 0.12 TMC-1 NASADSN 70 m Lan97
17937.956¢t4) H,CCCC 21,)—-1(1,0 0.012 W51 NRAO 43 m Belo3

U 17945.85 unidentified 0.013 W51 NRAO 43 m Bel93

U 17951.95 unidentified 0.012 w51 NRAO 43 m Bel93

V] 17965.09 unidentified 0.017 W51 NRAO 43 m Bel93

U 17974.01 unidentified 0.027 W51 NRAO 43 m Bel93
18012.033¢f1) HCgN 31-30 0.061 TMC-1 NRAO 43 m Bel98

U 18012.46 unidentified 0.009 W51 NRAO 43 m Bel93
18017.3375) NH; 7(3)-7(3) 0.015 W51 NRAO 43 m Belg3  Poy75
18020.5745) CgH 2[ly, J=6.5-55F=7-6 ¢ 0.044 TMC-1 NRAO 43 m Bel99  McC99
18020.6445) CeH Iy, J=6.5-55F=6-5 e 0.046 TMC-1 NRAO 43 m Bel99  McC99
18021.7525) CeH ?[l,, J=6.5-55F=7—6 0.050 T™C-1 NRAO 43 m Bel99  McC99
18021.818) CeH 21’]3/2 J=6.5-55F=6-5f 0.042 T™MC-1 NRAO 43 m Bel99 McC99

U 18021.86 unidentified 0.069 W51 NRAO 43 m Bel93
18047.969¢1) HC;N 16—-15 0.37 T™MC-1 NRO 45 m Ohig8
18119.02915) HCBCeN 2 1F=2-1 0.022 T™C-1 NRO 45 m Tak9g  Laf78
18120.773¢2) HCCBCN 2-1F=2-1 0.033 TMC-1 NRO 45 m Tak98 Laf78
18120.865¢2) HCcleN 2-1F=3-2 0.06 TMC-1 NRO 45 m ohi98  Laf7s
18154.884¢1) Sis 1-0 1.0 IRC+10216 MPI 100 m Gra8l
18186.652¢3) CgH 2y, 15.5-15.5 € 0.007 TMC-1 NRAO 43 m Bel99  McC97
18186.782t3) CgH Iy, 15.5-15.5 f 0.007 TMC-1 NRAO 43 m Bel99 McC97
18194.9206(9) HCCCN 2 1F=2-2 b Sgr BAM) Parkes 64 m McG77  Laf78
18195.3176¢6) HCCCN 2-1F=1-0 b Sgr B2M) Parkes 64 m McG77 Laf78
18196.2183(5) HCCCN 2 1F=2-1 0.3¢ Sgr BAM) Parkes 64 m McG77  Laf78
18196.3119¢7) HCCCN 2-1F=3-2 b Sgr B2AM) Parkes 64 m McG77 Laf78
18197.078¢1) HCCCN 2 1F=1-2 b Sgr BAM) Parkes 64 m McG77  Laf78
18198.3756t9) HCCCN 2-1F=1-1 b Sgr BAM) Parkes 64 m McG77 Laf78

U 18222.65 unidentified 0.017 w51 NRAO 43 m Bel93
18285.434¢5) NH; 10(7)—10(7) 0.012 W51 NRAO 43 m Belg3  Poy75

U 18294.20 unidentified 0.007 W51 NRAO 43 m Bel93

U 18299.5 unidentified 0.008 W51 NRAO 43 m Bel93

U 18306.3 unidentified 0.005 W51 NRAO 43 m Bel93

U 18320.7 unidentified 0.006 w51 NRAO 43 m Bel93
18343.144¢1) c—CgH, 1(1,0-1(0,1 1.82 TMC-1 NRAO 43 m Mat85a

U 18360.50 unidentified 0.007 W51 NRAO 43 m Bel93

U 18363.045 unidentified 0.003 T™MEL NRAO 43 m Bel99

U 18363.142 unidentified 0.003 T™EL NRAO 43 m Bel99

V] 18363.306 unidentified 0.003 T™EL NRAO 43 m Bel99

U 18363.406 unidentified 0.004 T™MEL NRAO 43 m Bel99

U 18368.0 unidentified 0.006 w51 NRAO 43 m Bel93

U 18379.6 unidentified 0.005 W51 NRAO 43 m Bel93

U 18383.3 unidentified 0.005 w51 NRAO 43 m Bel93
18391.562f5) NH; 6(1)—6(1) 0.006 W51 NRAO 43 m Belg3  Poy76

J. Phys. Chem. Ref. Data, Vol. 33, No. 1, 2004



MICROWAVE TRANSITIONS

TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines—Continued

189

Frequency(Unc) Astr.  Lab.
(MHz) Formula Quantum numbers T, (K)/T, (K) Source Telescope Ref. Ref.

18396.7252t7) CH3CN 1(0)—0(0) F=1-1 0.081 TMC-1 NRAO 43 m Mat83  Bou80
18397.9965t6) CH3CN 1(0)—0(0) F=2—1 0.120 TMC-1 NRAO 43 m Mat83  Bou80
18399.8924¢3) CH,CN 1(0)-0(0) F=0-1 0.031 T™C-1 NRAO 43m Mat83  Bou80
18413.822¢2) c—H®BcccH 1(1,0-1(0,2) 0.09 TMC-2 MPI 100 m Cox89

V] 18422.00 unidentified 0.012 W51 NRAO 43 m Bel93

U 18485.07 unidentified 0.016 W51 NRAO 43 m Bel93
18494.11) CH; SH 182)-17(3) A+ 0.014 W51 NRAO 43 m Bel93 Lee80
18499.3905) NH; 9(6)—9(6) 0.3 W51 NRAO 43 m Mad86  Poy75
18513.31615) CH,CHCN 21,2-1(1,1) F=3-2 0.021 TMC-1 NRAO 43 m Mat83a

U 18586.06 unidentified 0.012 W51 NRAO 43 m Bel93
18593.060¢1) HCyN 32-31 0.003 IRCG-10216 NRAO 43 m Bel92b
18638.616t1) HCsN 7-6 0.5 TMC-1 NRAO 43 m Jen82
18650.308t4) HCCCHO 20,2-1(0,1 0.012 TMG-1 NRAO 43 m Irv88
18673.312¢36) HNCCC 2-1 0.19 T™MC-1 NRO 45 m Ohig8

U 18698.16 unidentified 0.009 W51 NRAO 43 m Bel93

U 18729.12 unidentified 0.021 W51 NRAO 43 m Bel93

V] 18793.92 unidentified 0.021 W51 NRAO 43 m Bel93
18802.235¢5) H,CCCCCC 11,7-6(1,6 0.01 TMC-1 NASADSN 70 m Lan97
18807.88810) NH,D 3(1,3-3(0,3 0.2 orMC—1 MPI 100 m Walg7  Coh82
18808.5075) NH; 8(5)—8(5) 0.39 OriMC-1 MPI 100 m Her88 Poy75

U 18817.66 unidentified 0.017 W51 NRAO 43 m Bel93

U 18864.65 unidentified 0.015 W51 NRAO 43 m Bel93
18884.69%6) NH; 6(2)—6(2) 0.50 OriMC-1 MPI 100 m Her88 Poy75

V] 18907.54 unidentified 0.013 W51 NRAO 43 m Bel93

U 18918.50 unidentified 0.011 W51 NRAO 43 m Bel93

U 18961.79 unidentified 0.011 W51 NRAO 43 m Bel93
18965.588t4) CH,CHCN 2(0,2-1(0,1) F=1-0 0.010 TMC-1 NRAO 43 m Mat83a
18966.535¢t5) CH,CHCN 2(0,2-1(0,1) F=2—-1 0.032 TMC-1 NRAO 43 m Mat83a
18966.616t4) CH,CHCN 2(0,2-1(0,1) F=3-2 0.045 TMGC-1 NRAO 43 m Mat83a

U 18968.48 unidentified 0.011 TMEL NRAO 43 m Mat83a

U 18986.20 unidentified 0.013 W51 NRAO 43 m Bel93
19014.720415) C,H 5/2-3/2F=2—1 0.44 TMC-1 NRAO 43 m Gue82a Gue82a
19015.143615) C,H 5/2—3/2 F=3-2 0.65 TMC-1 NRAO 43 m Gue82a Gue82a
19025.1074) C,H 5/0-3/2 F=2—2 0.048 T™C-1 NRAO 43 m Gue82a Gue82a

U 19039.50 unidentified 0.020 W51 NRAO 43 m Bel93

u 19043.0 unidentified 0.010 w51 NRAO 43 m Bel93
19044.7604) C4H 3/2-1/2F=1-1 0.055 TMC-1 NRAO 43 m Gue82a Gue82a
19054.476215) C,H 3/2-1/2 F=2—-1 0.42 TMC-1 NRAO 43 m Gue82a Gue82a
19055.946815) C,H 3/2—1/2F=1-0 0.15 TMC-1 NRAO 43 m Gue82a Gue82a
19099.6566) C,H 30-32 F=1-1 0.039 T™C-1 NRAO 43 m GueS2a Gue82a
19119.764¢5) C,H J=3/2-3[2F=2-2 0.05 TMC-1 NRO 45 m 0Ohigg JPLOL
19174.086¢1) HCgN 33-32 0.003 IRC-10216 NRAO 43 m Mat85
19175.958¢2) HC;N 17-16 0.465 TMC-1 NRAO 43 m Mat85
19218.4655) NH; 74 —7(4) 0.6 orMC—1 MPI 100 m Her88  Poy75
19243.521¢2) CCco 21 0.035 TMC-1 NRAO 43 m Mat84
19262.1404) CH,CHO 1(0,)—0(0,0) E 0.014 TMG-1 NRAO 43 m Mat85  Kle9l
19265.137¢1) CH;CHO 10,1)—0(0,0 A+ + 0.016 TMC-1 NRAO 43 m Mat85 Kle96

U 19316.70 unidentified 0.013 W51 NRAO 43 m Bel93

U 19325.20 unidentified 0.007 W51 NRAO 43 m Bel93

V] 19336.10 unidentified 0.014 W51 NRAO 43 m Bel93

U 19361.50 unidentified 0.008 W51 NRAO 43 m Bel93
19418.661(2) ¢—CzHD 1(1,0-1(0,) F=1-1 0.014 L1498 NRAO 43 m Bel87 Bel87
19418.6861) c—C3HD 1(1,0-1(0,) F=2—-1 0.032 L1498 NRAO 43 m Bel87 Bel87
19418.7121) ¢—CzHD 1(1,0-1(0,) F=1-2 0.043 L1498 NRAO 43 m Bel87 Bel87
19418.7241) c—C3HD 1(1,0-1(0,1) F=0-1 0.034 L1498 NRAO 43 m Bel87 Bel87
19418.74Q1) ¢—CzHD 1(1,0-1(0,) F=2-2 0.088 L1498 NRAO 43 m Bel87 Bel87
19418.7962) c—C3HD 1(1,0-1(0,1) F=1-0 0.021 L1498 NRAO 43 m Bel87 Bel87
19426.679t4) CH,CHCN 2(1,)-1(1,0 F=2—-1 0.010 TMGC-1 NRAO 43 m Mat83a
19427.851t4) CH,CHCN 21,)-1(1,0 F=3-2 0.021 T™C-1 NRAO 43 m Mat83a
19429.098¢7) CH,CHCN 2(1,)-1(1,0 F=1-0 0.010 TMGC-1 NRAO 43 m Mat83a

V] 19430.85 unidentified 0.005 W51 NRAO 43 m Bel93

U 19609.78 unidentified 0.018 W51 NRAO 43 m Bel93

V] 19682.50 unidentified 0.012 W51 NRAO 43 m Bel93

U 19692.50 unidentified 0.011 W51 NRAO 43 m Bel93
19755.111¢1) HCoN 34-33 0.003 IRC-10216 NRAO 43 m Bel92b
19757.5385) NH; 6(3)—6(3) 1.2 OriMmC-1 MPI 100 m Her88 Poy75

u 19771.50 unidentified 0.015 W51 NRAO 43 m Bel93
19780.800(3) CCCN 21 J=5/2—3/2 F=5/2—3/2 0.058 T™C-1 NRAO 43 m Gue82a Gue82a
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19780.8264) CCCN 2—1J=5/2—-3/2 F=3/2—1/2 0.050 TMC-1 NRAO 43 m Gue82a Gue82a
19781.0943) CCCN 2—1J=5/2—3/2 F=7/2—5/2 0.094 TMC-1 NRAO 43 m Gue82a Gue82a
19799.951(5) CCCN 2-1 J=5/2—3/2 F=3/2—1/2 0.022 TMC-1 NRAO 43 m Gue82a Gue82a
19800.121(3) CCCN 2—1J=5/2—3/2 F=5/2—3/2 0.055 TMC-1 NRAO 43 m GueB82a Gue82a
19838.3465) NH3 5(1)—5(1) 0.56 oriMc-1 MPI 100 m Her88  Poy75
19871.344¢2) HCCNC 2-1 0.08 TMC-1 NRO 45 m Ohigg
19967.3962) CH3OH 2(1,)-3(0,3 E 73.2 W3O0H) MPI 100 m Wil85  Meh85

U 19974.50 unidentified 0.007 W51 NRAO 43 m Bel93

U 20064.21 unidentified 0.009 W51 NRAO 43 m Bel93
20109.547 CHCN 1-03/2—1/25/2-3/25/2-5/2 0.05 TMC-1 NRO 45 m 0Ohig8 0Ohig8
20115.77 CHCN 1-01/2-1/23/2-3/25/2-5/2 0.060 TMCG-1 NRAO 43 m Irv88a  Irv88a
20117.43 CHCN 1-03/2-1/25/2-3/23/2-1/2 0.050 TMC-1 NRAO 43 m Irv88a Irv88a
20118.014 CHCN 1-03/2-1/25/2-3/25/2-3/2 0.111 TMC-1 NRAO 43 m Irv88a  Irv88a
20118.16 CHCN 1-03/2-1/21/2-1/23/2-3/2 0.030 TMG-1 NRAO 43 m Irv88a  Irv88a
20119.606 CHCN 1-03/2-1/25/3-3/27/2-5/2 0.160 TMC-1 NRAO 43 m Irv88a  Irv88a
20121.61 CHCN 1-03/2-1/23/2-3/23/2-3/2 0.050 TMG-1 NRAO 43 m Irv88a  Irv88a
20123.96 CHCN 1-03/2-1/21/2-1/23/2-3/2 0.030 TMC-1 NRAO 43 m Irv88a Irv88a
20124.22 CHCN 1-01/2-1/23/2-1/23/2-1/2 b TMC-1 NRAO 43 m Irv88a  Irv88a
20124.22 CHCN 1-03/2-1/23/2-3/21/2-1/2 0.020 TMC-1 NRAO 43 m Irv88a Irv88a
20124.45 CHCN 1-03/2-1/23/2-1/23/2-3/2 0.080 TMC-1 NRAO 43 m Irv88a  Irv88a
20124.49 CHCN 1-01/2-1/23/2-3/25/2-3/2 0.020 TMG-1 NRAO 43 m Irv88a  Irv88a
20126.031 CHCN 1-03/2-1/23/2-3/23/2-1/2 0.01 TMC-1 NRO 45 m 0Ohig8 Ohi98
20128.7704) CH,CN 1-01/2-1/23/2-1/23/2-3/2 0.06 TMG-1 NRO 45 m 0Ohigg 0Ohiog
20139.76 CHCN 1-01/2-1/21/2-3/23/2-5/2 0.060 TMC-1 NRAO 43 m Irv88a Irv88a

U 20168.48 unidentified 0.010 W51 NRAO 43 m Bel93
20171.0892) CH;OH 11(1,1)-10(2,8) A+ —0.65 W3OH) MPI 100 m Men86a  Meh85

U 20203.31 unidentified 0.007 W51 NRAO 43 m Bel93
20209.209¢5) CH,CO 1(0,1)-0(0,0 0.017 TMC-1 NRAO 43 m Mat86

V] 20281.00 unidentified 0.013 W51 NRAO 43 m Bel93
20303.946t2) HC;N 18-17 0.43 TMG-1 NRO 45 m 0Ohigg
20336.135¢2) HCgN 35-34 0.035 TMC-1 NRAO 43 m Bel98
20357.22614) CH3C,H 5(1)—4(1) 0.073 TMC-1 MPI 100 m Walg84  Walg4
20357.42814) CH3C,H 5(0)—4(0) 0.077 TMC-1 MPI 100 m Wal84  Walg4
20371.4510) NH; 5(2)—5(2) 0.9 SgrB2N) MPI 100 m Wals4  Poy75
20460.0110) HDO 3(2,)-4(1,9 0.16 OriMC-1 MPI 100 m Hen87 Bel70

U 20501.5 unidentified 0.008 W51 NRAO 43 m Bel93

U 20533.235 unidentified 0.006 T™MEL NRAO 43 m Bel99
20533.289¢t3) CgH 21‘[3/2 17.5-16.5 0.005 T™MC-1 NRAO 43 m Bel99 McC97

U 20533.338 unidentified 0.004 T™MEL NRAO 43 m Bel99
20533.454¢3) CgH 21‘[3/2 17.5-16.5 0.004 TMC-1 NRAO 43 m Bel99 McC97

U 20533.660 unidentified 0.004 T™MEL NRAO 43 m Bel99
20657.337¢3) CH3CCCN 50)—4(0) 0.043 TMC-1 NRAO 43 m Bro84

U 20707.80 unidentified 0.011 W51 NRAO 43 m Bel93
20719.2215) NH; 8(6)—8(6) 0.7 OriMC-1 MPI 100 m Her88 Poy75

V] 20723.5 unidentified 0.017 W51 NRAO 43 m Bel93

U 20728.67 unidentified 0.014 W51 NRAO 43 m Bel93
20735.4585) NH3 9(7)-9(7) 0.25 oriMc-1 MPI 100 m Her88  Poy75

U 20765.80 unidentified 0.014 W51 NRAO 43 m Bel93

U 20790.00 unidentified 0.007 W51 NRAO 43 m Bel93
20792.563t5) H,CCC 1(0,1—-0(0,0 0.233 TMC-1 MPI 100 m Cer87a
20792.872¢t5) CeH 2y, J=15/2-13/2F=8-7 e 0.40 TMC-1 MPI 100 m Gue87  Gue87
20792.945t5) CgH 2[l,, J=15/2-13/2F=7-6 0.36 TMC-1 MPI 100 m Gue87  Gue87
20794.444¢t5) CeH Iy, J=15/2-13/2F=8-7 f 0.37 T™MC-1 MPI 100 m Gue87 Gue87
20794.5125) CeH 2y, J=15/2-13/2F =76 f 0.38 TMC-1 MPI 100 m Gue87 Gue87
20804.8305) NH; 7(5)—7(5) 0.8 OriMC-1 MPI 100 m Her88 Poy75

u 20838.20 unidentified 0.006 W51 NRAO 43 m Bel93

U 20847.50 unidentified 0.003 W51 NRAO 43 m Bel93
20852.5275) NH; 10(8)—10(8) 0.17 oriMc-1 MPI 100 m Her88  Poy75

U 20878.00 unidentified 0.006 W51 NRAO 43 m Bel93
20908.848¢21) CH;OH 16(—4,19—15-5,10 E 0.007 w51 NRAO 43 m Belo3  Xu 97
20917.157t2) HCgN 36—-35 0.07 T™MC-1 NRO 45 m Ohig8
20970.658t37) CH4OH 10(1,10-11(,9) A+ v, =1 0.2 W3OH) MPI 100 m Meng6a  Xu_97
20994.6175) NH3 6(4)—6(4) 1.0 orimc-1 MPI 100 m Her88  Poy75

u 20999.79 unidentified 0.009 W51 NRAO 43 m Bel93
21070.7395) NH3 11(9)—11(9) 0.13 oriMc-1 MPI 100 m Mau87  Poy75
21134.311(5) NH; 4(1)—-4(1) 0.9 OriMC-1 MPI 100 m Her88 Poy75

U 21143.18 unidentified 0.017 W51 NRAO 43 m Bel93

V] 21231.00 unidentified —0.013 W51 NRAO 43 m Bel93
21285.27%) NH; 5(3)-5(3) 21 OriMC-1 MPI 100 m Her88 Poy75
21301.261¢1) HCsN 8-7 0.031 Sgr BEeM) ARO 46 m Bro76
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U 21322.50 unidentified —0.010 w51 NRAO 43 m Bel93
21431.932¢2) HC;N 19-18 0.89 T™MC-1 NRAO 43 m Buj81

U 21447.8 unidentified 0.005 w51 NRAO 43 m Bel93

V] 21453.93 unidentified —0.010 W51 NRAO 43 m Bel93

U 21470.4 unidentified 0.007 w51 NRAO 43 m Bel93
21480.8092) CsH 21‘[1/2 J=9/2—-7/2F=5-4 e 0.0 TMC-1 MPI 100 m Cer87 McC99
21481.29%) CsH [, J=9/2-7/2 F=4-3 e 0.06 TMC—1 MPI 100 m Cer87  McC99
21484.69%2) CsH 2[1,,, J=9/2-7/2 F=5—4 f 0.07 TMC-1 MPI 100 m Cer87  McC99
21485.248) CsH MLy, J=9/2-712 F=4-3 f 0.06 T™MC-1 MPI 100 m Cer87 McC99
21488.255¢t5) H,CCCCCC 81,89-7(1,7 0.01 TMC-1 NASADSN 70 m Lan97
21498.182¢2) HCoN 37-36 0.06 TMC-1 NRAO 43 m Buj8l

U 21546.94 unidentified 0.006 W51 NRAO 43 m Bel93
21550.342t42) CH;0H 122,1)-11(1,1) A+ vy =1 -04 W3 OH) MPI 100 m Men86a  Xu_97

U 21569.5 unidentified 0.008 w51 NRAO 43 m Bel93

U 21576.5 unidentified 0.005 W51 NRAO 43 m Bel93

U 21582.6 unidentified 0.003 w51 NRAO 43 m Bel93
21587.400¢1) c—C3H, 2(2,0-2(1,1) —~0.54 TMC-1 NRAO 43 m Mat86a

U 21592.1 unidentified 0.004 w51 NRAO 43 m Bel93

U 21595.8 unidentified 0.005 w51 NRAO 43 m Bel93

U 21598.4 unidentified 0.006 W51 NRAO 43 m Bel93

U 21606.30 unidentified 0.005 W51 NRAO 43 m Bel93

U 21615.5 unidentified 0.003 W51 NRAO 43 m Bel93
21703.358(®@) NH; 4(2)—4(2) 0.6 OriMC-1 MPI 100 m Nys78 Kuk70

U 21715.8 unidentified 0.008 W51 NRAO 43 m Bel93
21930.476t6) CC3¥s 2,1-1,0 0.07 TMC-1 NRO 45 m Ohigg
21980.54581) HNCO 1(0,1)—0(0,0) F=0—-1 0.025 T™MC-1 NRAO 43 m Bro81 Kuk71
21981.47061) HNCO 1(0,0-0(0,0 F=2—1 0.107 T™MC-1 NRAO 43 m Bro8l  Kuk71l
21982.08541) HNCO 1(0,1)-0(0,0 F=1-1 0.040 TMC-1 NRAO 43 m Brosl  Kuk71
22079.204¢t2) HCoN 38-37 0.07 TMC-1 NRO 45 m 0Ohigg
22235.0445) H,0 6(1,6)~5(2,3 F=7—6 b w49 NRAO 43 m Mor73  Kuk69
22235.0775) H,O 6(1,6—5(2,3 F=6-5 b W49 NRAO 43 m Mor73  Kuk69
22235.12(5) H,O 6(1,6—5(2,3 F=5-4 2000 W49 NRAO 43 m Mor73  Kuk69
22235.2585) H,O 6(1,6)—5(2,3 F=6—6 b W49 NRAO 43 m Mor73 Kuk69
22235.2986) H,0 6(1,6)~5(2,3 F=5-5 b W49 NRAO 43 m Mor73  Kuk69
22258.173¢3) cco 2,1-1,0 0.033 TMC-1 NRAO 43 m Ohi9ol
22307.67050) HDO 53,2-5(3,3 0.09 orMC-1 MPI 100 m Hen87  Str48
22344.030¢3) CCs 2,10 121 TMC-1 NRO 45 m Kai87
22471.1801) HCOOH 10,)-0(0,0) 0.01 L134N NRAO 43 m Iv90  Kuk69a
22559.915¢2) HC;N 20-19 0.5 TMC-1 NRO 45 m Suz92
22624.88922) 15NH,4 1(1)-1(1) F,F;=1.5,1-1.3,1 b OrimC—-1 MPI 100 m Her85 Kuk67
22624.933(12) 15NH3 1(1)-1(1) F,F;=1.5,1-0.8,1 b OoriMC—-1 MPI 100 m Her85 Kuk67
22624.941@) 15NH,4 1(1)-1(1) F,F;=0.5,1-0.8,1 b OriMC—-1 MPI 100 m Her85 Kuk67
22624.9462) 15NH,4 1(1)-1(1) FF,=1.52-152 0.2% oriMC—-1 MPI 100 m Her85 Kuk67

U 22639.3 unidentified 0.003 IRE10216 NRAO 43 m Bel92b

U 22644.3 unidentified 0.002 IRE€10216 NRAO 43 m Bel92b
22649.8431) 15NH,4 2(2)-2(2) 0.36 OriMmC-1 MPI 100 m Her85 Kuk68
22653.0225) NH; 5(4)—5(4) 0.6 OriMmC-1 MPI 100 m Nys78 Poy75
22660.225¢3) HCoN 39-38 0.003 IRC-10216 NRAO 43 m Bel92b

U 22678.6 unidentified 0.001 IRE10216 NRAO 43 m Bel92b
22688.3125) NH; 4(3)-4(3) 1.2 OriMmC-1 MPI 100 m Nys78 Poy75
22732.42%5) NH; 6(5)—6(5) 0.6 oriMC—1 MPI 100 m Nys78  Poy75
22789.4211) 15NHg 3(3)-3(3) 0.53 OriMC-1 MPI 100 m Her85 Kuk67
22827.741¢8) CH3;OCHO 21,2-111) E 0.15 OriMC-1 MPI 100 m Chu8o Oes99
22828.134¢t8) CH;0CHO 2A1,2-11,) A 0.15 OrimC-1 MPI 100 m Chu80 Oes99
22834.185(1) NH3 3(2)-3(2) 0.11 Sgr B2M) NRAO 11m Mor73 Kuk65
22878.949t10) DCsN 9-8 0.019 T™MC-1 NRAO 43 m Sch8g1l
22924.94Q5) NH; 7(6)—7(6) 1.0 OriMmC-1 MPI 100 m Nys78 Poy75
23046.015@) 15H, 4(4)—4(4) 0.26 orMC-1 MPI 100 m Her85  Kuk68
23098.81901) NH; 2(1)—-2(1) 0.29 Sgr B2M) NRAO 11m Mor73 Kuk70
23121.0242) CH3;0H 92,7-10(1,10 A+ 9.5° W3(OH) MPI 100 m wilg4 Meh85
23122.983f1) CCCs 4-3 0.55 TMC-1 NRO 45 m Kai87

U 23142.2 unidentified 0.001 IRE10216 NRAO 12 m Bel93a

U 23228.0 unidentified 0.003 IRE€10216 NRAO 43 m Bel92b
23232.238) NH; 8(7)—8(7) 0.2 OriMmC-1 MPI 100 m Nys78 Poy75
23241.246t3) HCyN 40-39 0.003 IRC+10216 NRAO 43 m Bel92b
23421.9828) 15NHg 5(5)—5(5) 0.14 OriMC-1 MPI 100 m Her85 Kuk68
23444.7782) CH3;OH 101,9-9(2,8 A— -0.77 W3OH) MPI 100 m Men85 Meh85
23565.16020) CeH °[1,, 1=17/2- 1512 F =9-8 & 0.156 T™MC-1 NRO 45 m Suz86  Suz86

J. Phys. Chem. Ref. Data, Vol. 33, No. 1, 2004



192

FRANK J. LOVAS

TaBLE 4. Recommended rest frequencies for observed interstellar molecular lines—Continued

Frequency(Unc.) Astr.  Lab.
(MHz) Formula Quantum numbers T, (K)/T, (K) Source Telescope  Ref. Ref.

23565.22620) CsH My, J=17/2-1512F=8-7 e 0.144 TMC-1 NRO 45 m Suz86 Suz86
23567.16920) CeH 2y, J=17/2-15/2 F=9-8 f 0.157 TMC-1 NRO 45 m Suz86 Suz86
23567.2380) CeH 21, J=17/2-15/2F =87 f 0.129 TMC-1 NRO 45 m Suz86  Suz86
23600.2424) SiC, 1(0,1—0(0,0 0.11 IRC+10216 MPI 100 m Sny85 Sue89
23657.4715) NH; 9(8)-9(8) 0.1 oriMC—1 MPI 100 m Nys78  Poy75
23687.898t2) HC;N 21-20 0.21 T™MC-1 NEROC 37 m Kro78
23692.92682) NH; 1(1)—-1(1) F,F;=1/2,1-1/2,0 0.16 L134N 0OSO 20 m Ryd77 Ryd77
23692.96881) NH; 11)-1(1) F,F,=3/2,1-1/2,0 0.24 L134N 0SO 20 m Ryd77  Kuk67
23693.87221) NH;3 1(1)-1(1) F,F;=1/2,1-3/2,2 0.17 L134N 0OSO 20 m Ryd77 Kuké7
23693.90511) NH3 11)-1(1) F,F,=3/2,1-5/2,2 0.30 L134N 0SO 20 m Ho77 Kuk67
23693.91481) NH3 11)-1(1) F,F,=3/2,1-3/2,2 b L134N 0SO 20 m Ho77 Kuk67
23694.45911) NH3 11)-1(1) F,F=1/2,1-1/2,1 b L134N 0SO 20 m Ho77 Kuk67
23694.47001) NH3 11)-1(1) F,F,=1/2,1-3/2,1 0.46 L134N 0SO 20 m Ho77 Kuk67
23694.47001) NH; 11)-1(1) F,F,=3/2,2-5/2,2 b L134N 0SO 20 m Ho77 Kuk67
23694.48081) NH; 11)-1(1) F,F,=3/2,2-3/2,2 b L134N 0SO 20 m Ho77 Kuk67
23694.50141) NH; 11)-1(1) F,F,=3/2,1-1/2,1 b L134N 0SO 20 m Ho77 Kuk67
23694.50601) NH; 11)-1(1) F,F,=5/2,2-5/2,2 0.50 L134N 0SO 20 m Ho77 Kuk67
23694.51281) NH; 1(1)—-1(1) F,F;=3/2,1-3/2,1 b L134N 0OSO 20 m Ho77 Kuk67
23694.51581) NH; 11)-1(1) F,F,=5/2,2-3/2,2 b L134N 0SO 20 m Ho77 Kuk67
23695.06721) NH; 1(1)-1(1) F,F;=3/2,2-3/2,1 0.18 L134N 0OSO 20 m Ho77 Kuk67
23695.07821) NH; 11)-1(1) F,F,=3/2,2-3/2,1 b L134N 0SO 20 m Ho77 Kuk67
23695.11321) NH;3 11)-1(1) F,F,=5/2,2-3/2,1 0.25 L134N 0OSO 20 m Ho77 Kuk67
23696.02972) NH3 11)-1(1) F,F,=1/2,0-1/2,1 0.29 L134N 0SO 20 m Ho77 Kuk67
23696.04062) NH; 11)-1(1) F,F,=1/2,0-3/2,1 b L134N 0SO 20 m Ho77 Kuk67

U 23697.9 unidentified 0.006 IRE10216 NEROC 37 m Bel82
23718.325¢11) HCBcceeN 9-8 0.002 IRG-10216 NRAO 43 m Bel91
23720.57%) NH; 2(2)-2(2) F1=1-2 b OriMC-1 NEROC 37 m Bar77  Kuk67
23721.3365) NH; 22)-2(2) F;=3-2 b orimMc—1 NEROC 37 m Bar77  Kuk67
23722.6328) NH; 2(2)-2(2) F1=2-2 b OriMC—1 NEROC 37 m Bar77  Kuk67
23722.63361) NH; 22)-2(2) F1=3-3 0.43 orimMc—1 NEROC 37 m Bar77  Kuk67
23722.6344) NH3 2(2-2(2) F1=1-1 b OriMC—-1 NEROC 37 m Bar77 Kuk67
23723.92%) NH; 22)-2(2) F;=2-3 b orimMc—1 NEROC 37 m Bar77  Kuk67
23724.6915) NH; 2(2-2(2) F1=2-1 b OriMC—1 NEROC 37 m Bar77 Kuk67
23727.162¢19) HccedeN 9-8 0.12 T™MC-1 NRO 45 m Takos

U 23804.5 unidentified 0.004 IRE10216 NRAO 43 m Bel92b

U 23811.0 unidentified 0.002 IRE10216 NRAO 43 m Bel92b
23817.61580) OH [, J=9/2 F=4—4 -0.05 W3OH) MPI 100 m Win78  Mee75
23822.265t3) HCgN 41-40 0.003 IRC+10216 NRAO 43 m Bel92b
23826.621130) OH 21y, J=9/2F=5-5 -0.13 W3OH) MPI 100 m Win78  Mee75
23867.80%6) NH; 3(3)-3(3) F;=2-3 b OriMC-1 NEROC 37 m Bar77  Kuk67
23868.4505) NH; 3(3)-3(3) F1=4-3 b OriMC—1 NEROC 37 m Bar77 Kuk67
23870.127¢5) NH; 33)-3(3) F,=3-3 b oriMC—1 NEROC 37 m Bar77  Kuk67
23870.12961) NH; 3(3)-3(3) F1=4-4 0.53 OriMC—1 NEROC 37 m Bar77 Kuk67
23870.13085) NH; 3(3)-3(3) F1=2-2 b OriMC-1 NEROC 37 m Bar77  Kuk67
23871.8075) NH;3 3(3)-3(3) F;=3-4 b OriMC—1 NEROC 37 m Bar77 Kuk67
23872.4585) NH; 3(3)-3(3) F1=3-2 b OriMC—1 NEROC 37 m Bar77  Kuk67
23922.313R2) 15\H, 6(6)—6(6) 0.13 orMC-1 MPI 100 m Her85  Kuk68
23939.089¢10) HcccceN 9-8 0.003 IRC+10216 NRAO 43 m Bel91
23941.99¢5)